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Field of the Invention 

[0001] This Invention relates to the construction and expression of a sublancin analog 
containing a His-tag and uses thereof. 



( Background of the Invention 

(i^^Ser. No. 09/462,478). The structure of sublancin and its chennicalf'phys^ and 
biological properties have been published (3).^opertie§^6fsublancin that are relevant 
to this invention are that it is highl^ctive' toward inhibition of outgrowth of spores of 
Bacillus, and that it is extremei^table and resistant to both chemical and proteolytic 
degradation. The natiSraf^ectrum of antimicrobial activity of sublancin embraces many 



human pathogens, such as strains of Bacillus, Enterococcus, Lactococcus, Listeria, and 
Staghylococcus; and therefore includes Bacillus anthrasis, which is the causative agent 
c^^e^tefl^atafediseas^^Sdss^ 

[0003] Outbreaks of anthrax occasionally occur as a consequence of the death of an 
infected farm animal, which may result in the spread of S. anthrasis spores over an 
extended area. Such spore contamination can persist for a very long time, since the 
spores are in a highly stable dormant state. Whereas these natural outbreaks of anthrax 
can be controlled by good public health practices, a much greater risk exists because of 



the fact that 6. anthrasis spores are one of the most attractive candidates as a 
bio-warfare agent, especially in the hands of a terrorist group. A few pounds of spores, 
scattered by an appropriate explosive device, could render an extended area 
uninhabitable for an indefinite period of time. An ideal counter-measure to such an 
attack would be a substance that could effectively block the outgrowth of the S. 
anthrasis spores, and thereby prevent their ability to cause anthrax infections. 
[0004] Sublancin 168 is highly effective in its ability to inhibit spore outgrowth, and it is 
an ideal countermeasure to anthrax, as well as other pathogenic spore-formers. 
However, in order to perform this role, it is necessary to produce sublancin in large 
quantities. Even though it is highly effective, its use as a countermeasure would require 
spraying a solution of sublancin over the entire area that is encompassed by the 
contamination. In, order for this to be practical, it is necessary to be able to produce 
substantial quantities of sublancin at a reasonable cost. 

[0005] Sublancin is a natural product of S. subtilis 168, and when it is synthesized by 
the bacterium, it is secreted into the medium. Although sublancin is produced efficiently 
by the organism, a major factor in the cost of sublancin production is the cost of 
recovery of the sublancin from solution. Therefore, the development of an efficient 
method of recovery of sublancin from the culture supernatant would have a major 
impact on the cost of sublancin production, and therefore on the practicality of its use as 
a countermeasure against anthrax and other environmental contamination by spores of 
Gram-positive bacteria. 

Summary of the Invention 
[0006] An object of the invention is the construction of a His-Tag labeled sublancin 
peptide. 

[0007] Another object of the invention is a method for expressing a His-Tag labeled 
lantibiotic by a susceptible bacterial host strain. 

[0008] Another object of the invention is the use of the His-Tag label to isolate 
sublancin directly from growth medium. 

[0009] Another object of the invention is a method for decontaminating a bacterial 
spore-infected area. 



Brief Description of the Figures 
[0010] Figure 1 . Structure of sublancin 168. 

[001 1] Figure 2. The design of an affinity tag for subtilin. 

[0012] Figure 3. Sequence of the EcoRI-Hindlll insert of the pLPVc integrative 
plasmid used to delete and replace the natural sunA gene with a mutagenized sunA 
gene in the 6. subtilis 168 chromosome. A cat gene has been inserted at an engineered 
BamHI site to provide a selective marker. An Xhol site has been engineered into the 
sunA leader region, by means of a silent mutation, to facilitate the construction of 
structural mutants. The PstI site at the 3'-end of the sunA gene is a natural restriction 
site. The EcoRI-Hindlll fragment is cloned into the EcoRI and Hindlll sites of the pTZ 
mps (SEQ ID NO. 1). 

[0013] Figure 4. Strategy for the construction of the host-vector pair used to make 
sublancin mutants. Plasmid pLPHerm was linearized and transformed into wild-type 6. 
subtilis 168. Double recombinants in which the SunA ORF was replaced by an erm 
gene and the AsunA ORF were selected on erythromycin plates. These mutants, which 
are erythromycin resistant and encode a defective SunA peptide, were characterized as 
shown in Figure 4. One of the mutants was selected and designated as 6. subtilis 
LPeAsunA. 

[0014] Figure 5. Lack of sublancin production in B. subtilis EASun, and its restoration 
by integration of the sunA' gene. Panel A. Halo assay showing sublancin production 
from wild-type B. subtilis 168, compared to the EASun deletion strain. Panel B. Halo 
assay showing production of sublancin after restoration of the sublancin gene as sunA\ 
which has translationally-silent mutations. 

[0015] Figure 6. The sequence of the gene for sublancin His-Tag. The reading frame 
of the sublancin-His Tag gene and the sequence of the peptide sequence the gene 
codes for are highlighted in bold (SEQ ID NO. 2). Also highlighted are the restriction 
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sites as well as the leader peptide, sublancin prepeptide, the 3-Gly linker, and the 6-His 
Tag. The sequences flanking the gene correspond to those of the mutagenesis cassette 
vector pLPcat. 

Detailed Description of the Invention 
[0016] The present invention explores the contribution of an C-terminal affinity tag 
sequence in purifying a sublancin peptide by the construction and expression of a 
sublancin-spacer-tag chimera containing the sublancin structural region fused to an 
affinity tag sequence. The inventors have discovered that an affinity tag, more 
preferably a His-Tag sequence does not interfere with the bioprocessing of sublancin in 
a host cell or affect the lantibiotic activity for the mature sublancin protein, and can be 
used to facilitate purification of a soluble, biologically active sublancin protein. 
."S [0017] The term "gene" refers to a polynucleic acid or a nucleotide which encodes a 
W peptide, a prepeptide, a protein or a marker, or to a vector or plasmid containing such a 

s." i 

p polynucleic acid or nucleotide. 

f^, [0018] A "chimera" refers to a fusion peptide or protein which is comprised of a part 
S from a first peptide or protein, and a part from one or more additional proteins or 
peptides. 

0] [0019] A "mutant" gene or peptide refers to a gene having a sequence in that one or 

V <niia 

^ more bases or residues are deleted, substituted or added at any position therein, 
including either terminus. 

m 
w 

[0020] In the present application, "biological activity" refers to activity against a 
preferably nucleophilic target molecule. Biological activity includes but is not limited to 
activity against or for modifying enzymatic activity of an enzyme, inhibiting proliferation 
or growth of an infectious particle or a cancer cell, or blocking the binding of a ligand to 
its receptor. Most preferably the activity is against Bacillus cereus spores and/or 
vegetative cells. Preferably, biological activity against Bacillus cereus spores is 
measured using the "halo assay" described in the experimental section hereunder. 
[0021] The present invention concerns nucleotides, vectors and constructs encoded 
thereby, which encode a chimeric or mutant sublancin polypeptide of the formula: 

(sublancinHspacerHtag). 
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Most preferably, the sublancin is sublancin 168. 

[0022] The present construct includes a peptide spacer comprising from 1 to 40 
amino acids, preferably 1-15, most preferably 1-5. The amino acid is preferably 
nonpolar, and preferably is one or more amino acids selected from the group consisting 
of glycine (G or Gly), alanine (A or Ala), valine (V or Val), isoleucine (I or He) and 
leucine (L or Leu). Preferably the amino acid is glycine. The spacer is designed to allow 
the tag to be freely available for binding, but to reduce susceptibility of the tag to 
proteolysis by host proteases. 

[0023] The present construct also encodes a tag sequence comprising an affinity tag 
including but not limited to FLAG peptide, myc, calmodulin binding peptide, alkaline 
phosphatase, glutathione S-transferase, p-galactosidase, or histidine. An affinity tag 
labeled protein can be purified by protein affinity chromatography designed to 
selectively capture the tagged protein. 

[0024] Whereas affinity tag labeling of polypeptides is well recognized, before the 
present invention there was a significant technical barrier to its use for end-labeling 
sublancin and other antimicrobial peptides of the lantibiotic family. The reason is that 
these peptides undergo extensive post-translational modification as part of their 
biosynthetic pathway, and it could not have been predicted that His-Tag labeled 
lantibiotics could be processed into functional, secreted proteins. 
[0025] The cellular machinery that performs these post-translational modifications 
must recognize the lantibiotic precursor, bind to it, and perform the modifications. Any 
changes to the precursor protein that interfere with the recognition, binding, or 
modification steps cannot be utilized. For example, certain modifications to the 
C-terminal end of the subtilin prepeptide, which is a lantibiotic produced by S. subtilis, 
resulted in aborting the biosynthetic pathway. Accordingly, His-Tag labeled forms of 
subtilin were not obtainable (4). 

[0026] Sublancin 168 is a lantibiotic that was discovered in the laboratory of this 
Inventor, the structure of which is shown in Figure 1. 

[0027] Sublancin has attributes that make it suitable for this invention, which brings 
together two aspects of sublancin. 



[0028] The first is that Sublancin 168 is a very powerful inhibitor of bacterial spore 
outgroNArth (3). Sublancin is a lantibiotic that is endogenous to the gram-positive 
bacterium Bacillus subtilis 168, which is a bacterial strain that has been intensely 
studied. The complete sequence of its genome is known, and excellent tools for genetic 
manipulation are available. Strain 168 is non-pathogenic, and has been widely used for 
industrial production of genetically-engineered biomaterials. The natural level of 
sublancin 168 production by strain 168 is good (3), which facilitates efficient production 
of the derivatives. 

[0029] Sublancin 168 is highly stable, with respect to chemical stability, stability 
against proteases, and stability against loss of biological activity. This natural stability 
makes sublancin very well-suited to uses such as against environmental contamination 
by bacterial spore-formers, which persist for an extended period of time. Because 
sublancin is also stable, it retains its activity long enough to exert a continued protective 
effect. 

[0030] This invention relates to the construction of a sublancin mutant containing a C- 
terminal His-Tag, and the use of this His-Tag in the isolation of sublancin directly from 
cultured growth medium. Because of the overall technical difficulty in constructing 
lantibiotic peptides having an affinity tag, the success in achieving affinity-tag labeling of 
a sublancin protein constitutes an invention of substantial usefulness. Moreover, since 
His-Tag labeling of other lantibiotics such as subtilin was unsuccessful, the fact that the 
inventor succeeded in labeling sublancin with His-tag was unpredictable from previous 
studies. 

[0031] A spacer comprising from 1 to 15 amino acid residues is preferable. Two to 
five amino acid residues as the spacer is more preferable, and three glycine residues is 
most preferable. Three residues is long enough to reduce interference with the post 
translational modification machinery, but short enough to minimize the likelihood of non- 
specific proteolytic cleavage of the His-Tag extension, 

[0032] Preferably, the affinity tag is histidine (His-Tag), and the histidine tag should be 
short so as not to alter the conformation of the tagged protein nor should it be involved 
in artifactual interactions, A His-Tag of 2-10 histidine residues is preferable, a stretch of 
2 to 8 histiAdine residues is more preferable, and a stretch of 2-6 histidine residues is 



most preferable. Six histidine residues provides excellent binding affinity to nickel which 
can be used in column purification of a His-Tag labeled protein as described hereunder. 
An affinity column can be prepared from a nickel-coated solid support such as a plastic 
or magnetic bead. 

[0033] In a preferred embodiment, Figure 2 shows that the sublancin propeptide has 
been modified at the C-terminus to contain a spacer followed by a His-Tag affinity 
group. Specifically, a spacer of 3 glycine residues and a tag of 6 histidine residues have 
been added to the 37-residue sublancin peptide. 

[0034] Production of purified, active sublancin protein at an industrial level is now 
achievable with a His-Tag labeled sublancin protein. It is possible to put sublancin into 
practical use in medical, industrial and consumer products. Uses of sublancin include 
but are not limited to a food preservative, an antimicrobial agent or a decontaminating 
agent. 

[0035] Accordingly, an object of the invention is a method for decontaminating a 
bacterial spore infected surface area. For decontamination, a spore-inhibiting effective 
amount of sublancin can be applied to the contaminated area. A contaminated area 
includes but is not limited to any solid surface having been in contact with an infectious 
particle. The decontamination is preferably for external use. 

[0036] The sublancin can be diluted in any phosphate buffered solution of pH 6.0, for 
example, at an effective concentration in the range of 0.01 |ig/ml to 10 iig/ml, more 
preferably, 0.2 |ag/ml to 1 [ig/ml. 

[0037] For decontamination of large areas such as a field or ground space where the 
wetness of soil conditions may be variable, achieving a final, uniform concentration of 1 
)ig/ml is preferable. 

[0038] Application of the sublancin solution to a surface area can occur by spraying 
under conditions which do not change the functional characteristics of the sublancin 
protein. 

[0039] The construction, expression and affinity purification of a His-Tag labeled 
sublancin protein is described by way of the following non-limiting examples. 



Example 1 

Design of the gene sequence to express the His-tag polypeptide. 
[0040] The strategy that was developed for sublancin mutagenesis is the subject of a 
previous provisional patent application Ser. No. 60/215,449. It is similar to the strategy 
used for subtilin mutagenesis (2); namely, to construct a host-vector pair, with the vector 
being a plasmid for use in the construction and propagation of the mutant gene, and the 
host being a B. subtilis 168 mutant with a deletion in the sublancin gene and an erm 
resistance marker. The plasmid vector was designed to contain homologies to the 
regions flanking the sublancin gene together with a cat selective marker, such that a 
double-recombination between the plasmid and the host results in replacement of the 
erm gene in the host with the mutagenized sublancin gene, together with the cat 
marker. After this recombination, the mutagenized sublancin gene is located precisely 
where the native gene had been, so that effects on expression would be minimized. 
Appropriate recombinants are identified by their loss of erythromycin resistance, and 
gain of chloramphenicol resistance. 

[0041] Bacterial strains, cloning vectors, and culture conditions. Bacterial strains and 
cloning vectors are listed in Table I. Sublancin and its analogs were expressed and 
isolated as previously described (3). Competent 6. subtilis 168 cells were prepared 
according to Young and Wilson (6). 



[0042] Table I 



Bacterial Strains 






Strain 


Description 


Source 


BR151 


Wild type Bacillus subtilis 168 


BGSC^ 


B. subtilis LPeAsunA 


Bacillus, subtilis 168 in which the sublancin 
gene contains an in-frame deletion, and an 
erm selective marker 


Invention 


B. subtilis sunA' 


Sublancin producer strain made by 
transforming pLPVc into fi. subtilis LPeAsunA 


Invention 


JM109 


Standard £. coli cloning strain 


Life Tech.^ 


JM101 


Standard E. coli cloning strain 


Life Tech.'' 


B. cereus T 


Strain used to assay sublancin 


BGSC 








Cloning Vectors 






Plasmid 


Description 




pSUBBkb 


An 8kb fragment from Bacillus subtilis 168 
containing the sublancin gene in pTZ18R 


Ref 
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pTZ18R 



Standard cloning vector 



USB* 



pLPeAsunA 



Plasnriid used to construct B. subtilis 
LPeAsunA 



Invention 



PLPc 



Plasmid used ^o integrate a sublancin gene 



Invention 



into the chromsome of B. subtilis LPeAsunA 
Bacterial strains and plasmids used in this work. ""Bacillus Genetics Stock Center, University of Ohio, 
Colunnbus OH. ^Life Technologies, Gaitherburg MD. '^(4). ^United States Biochemical Corp., Cleveland 
OH. A 

S 

[0043] Cloning by PGR. The polymerase chain reaction (PGR) was used to generate 
the DNA fragnnents used for the construction of the plasmid vectors used for 
mutagenesis. Plasmid pSUBSkb was used as the template DNA for the PGR reactions. 
The sequences of the oligonucleotides used as primers in the PGR reactions are listed 
in Table II, and the template regions corresponding to these oligonucleotides are 
identified in Figure 3. The reactions were performed using pfu DNA polymerase 
(Stra^gene, La Jolla, GA) during 30 cycles of denaturation at 95 G for 30 sec, 
annealing at 50°G for 90 sec, and extending at 72°G for 3 min. The PGR fragments 
were cleaved with EcoRI and Hindlll and cloned into the EcoRI-Hindlll site of pTZ, 
which was propagated in E. coli JM101 or JM109. The PGR primers were designed in 
such a way that the plasmid constructs could be assembled by a sequence of ligation 
and cloning steps that added one PGR segment at a time, with each addition being 
confirmed by cloning and restriction analysis before adding the next segment. After the 
assembly was complete, the entire insert was subjected to dideoxy sequence analysis 
to confirm that it had been correctly assembled and that it contained no unintended 
mutations. 



[0044] Table II 





Oligonucleotide Sequence written 5' to 3' 


LPHF1 

SEQ ID No. 3 


GACTGAATTCCGGCTCTAAAGCGATTC 
EcoRI 


LPHR1 
SEQ ID No. 4 


GGACTAAGCTT GGATCCGAATTGGTTGTAATACAC 
Hindlll BamHI 


LPHF2 
SEQ ID No. 5 


GCAACGAATTC GGATCCGTGTATTACAACCAATTC 
EcoRI BamHI 


LPHR2 
SEQ ID No. 6 


TCGAAAAGCTT GTTAACCTTTTCCATTTGTAAAACC 
Hindlll Hindi 


LPHF3 
SEQ ID No. 7 


TGGCAGAATTC GTTAACTATCGTCAATTCTGC 
EcoRI Hindi 



LPHR3 
SEQ ID No. 8 


GGAGCAAGCTT CAGCAAGACCCACAACG 
Hindlll 


LPVF2 

SEQ ID No. 9 


Same as LPHF2 


LPVR2 

SEQ ID No. 10 


GGAI GAAGC 11 CI CGAG 1 1 1 AAC fl CI l"l A 
Hindlll Xhol 


NLPVF3 
SEQ ID No. 11 


GTAGGAATTC CTCGAGGAACTCGAAAACC 
EcoRI Xhol 


LPPMR2 
SEQ ID No. 12 


GGAGCAAGCTTTTATCTGCAGAATTGACGATAG 
Hindlll PstI 


LPVF4 

SEQ ID No. 13 


GATTGAATTCGGCGCCGTTGCTTGTCAAAAC 
EcoRI 


LPVR4 

SEQ ID No. 14 


Same as LPHR3 


L13 

SEQ ID No. 15 


GTGTATTACAACCAATTCTG 


L15 

SEQ ID No. 16 


TTGTGGCTACAATGTGCTAG 



Sequences of Oligonucleotides used for PCR and sequencing primers and hybridization probes. 

The locations of the template regions corresponding to the primers are shown in Figure 3. LPV oligos 
were used to construct the pLPc mutagenesis vector, and the LPH oligos were used to construct the 
pLPeAsunA plasmid, which was used to construct B. subtilis LPeAsunA. LPVF and LPHF oligos prime in 
the forward direction, and the LPVR and LPHR oligos prime in the reverse direction. Oligonucleotide L13 
was used as a sequencing primer that was about 220 nt upstream of the sublancin gene, and L15 was 
used as a hybridization probe within the sublancin gene. 

A, Construction of pLPVc vector by PCR cloning. 

[0045] The primary vector, pLPVc, was constructed fronn components synthesized by 
PCR and assembled in the EcoRI-Hindlll site of the E. coli plasmid pTZ. The complete 
assembled EcoRI-Hindlll insert sequence of pLPVc is shown in Figure 3. This insert 
contains a 650 base pair upstream chromosomal homology, followed by a cat gene that 
has been inserted into an engineered BamHI site, followed by the presublancin {sunA) 
gene, which contains a translationally-silent Xhol site in the leader region of SunA, and 
the natural PstI site in the C-terminal region, which is followed by a 650 base pair 
downstream chromosomal homology. This plasmid constitijps a cassette-mutagenesis 
system, in which the sequence of the mature region of SunA can be modified by 
replacing the Xhol-PstI fragment with a mutagenized sequence. 



B. Construction of the B, subtilis LPeAsunA host, 

[0046] The pLPVc plasmid was then modified in order to construct pLPHe, which was 
used to engineer a deletion in the chromosomal sunA gene and replace the cat gene 
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with an erm gene. The pLPHe plasmid, shown in Figure 4, contains an erm gene in the 
BamHI site, and 47 codons are removed from the central region of the 56-codon sunA 
ORF. The remaining 9 codons are in-frame in order to minimize any effects of the 
deletion on the expression of downstream genes that may be required for sublancin 
biosynthesis. This in-frame construction was to permit this host to be used for 
expression of sublancin genes in trans, from a plasmid, as well as by integration into the 
chromosome. 

[0047] The use of these plasmids in making sublancin mutants is diagrammed in 
Figure 4. First, a double-recombination between pLPHe and the B. subtilis 168 
chromosome replaces the sunA gene with an erm gene. The resulting B. subtilis 
LPeAsunA is erythromycin resistant and does not produce sublancin. The pLPVc 
plasmid was then used to introduce a mutagenized copy of suriA, at precisely the same 
location occupied by the original sunA gene by means of a double-recombination that 
replaces the erm gene and sunA deletion with a cat gene and the mutant sunA' gene. 
The cat gene is placed upstream from the sunA' promoter so as to not interfere with 
expression of the sunA' gene, 

[0048] A halo assay was used to compare the amount of antibiotic production by B. 
subtilis 168 with that of the LPeAsunA deletion strain. The amount of antibiotic activity 
produced by a bacterial colony was determined by its ability to inhibit outgrowth of 
Bacillus cereus T spores to produce a halo around the colony, B. cereus T spores were 
prepared by suspending 250 mg of lyophilized spores (7), in 30 ml of sterile water and 
subjecting them to heat shock for 2 hr at 65 °C. The spores were centrifuged and 
resuspended in 50 ml of 10% ethanol. This solution was used to spray Medium A 
plates on which colonies had grown to a diameter of 1 mm. The plates were incubated 
5 to 12 hr to allow the spores to germinate and outgrow. The diameters of the clear 
halos were used to compare the amount of antibiotic produced by the colonies. 
[0049] As shown in Figure 5, the difference is dramatic, with the wild-type strain giving 
a large halo, and the deletion strain a barely detectable one. Under these growth 
conditions, sublancin constitutes a large majority of the antimicrobial activity produced 
by 8. subtilis 168. 
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C. Integration of the sunA'gene restores sublancin biosynthesis. 
[0050] The sublancin gene subcloned into the plasmid pLPVc is sunA\ which is 
identical to sunA except for the translationally-silent mutations used to create the Xhol 
site. Since sunA' encodes the same amino acid sequence as the natural sunA gene, 
placing sunA' \nlo the chromosome at the location originally occupied by sunA would be 
expected to restore sublancin production. Figure 5 shows a halo assay demonstrating 
that recombinant cells having the sunA' gene integrated into the chromosome are 
restored in their expression of antimicrobial activity. 

[0051] The molecular mass of sublancin was determined using electrospray ionization 
mass spectroscopy (ESI-MS) on a single quadropole ion-trap mass spectrometer in 
positive ion mode (LCQ, Finnigan, San Jose, CA). The source conditions were as 
follows: sheath gas flow, 40 units, ESI spray voltage, 5 kV, capillary temperature 
200''C, capillary voltage 46 V. MS data were acquired on a Windows NT worksation 
running the LCQExplore software package (Finnigan). MALDI-TOF MS were carried 
out in positive-ion mode (Proflex, Bruker, Manning Park, Ma). Sinapinic acid, dissolved 
in acetonitrile, 0.1% TFA (3:7), was used as matrix. The sample and matrix were 
applied to the sample target (Bruker) according to the sandwich method of Kussman et 
al. (8). Tryptic digest fragments were sequenced using tandem MS/MS, using the 
nanospray adapter on the Finnigan LCQ (nanoESI-MS/MS). Nanospray 
capillaries(Protana, Odense, Denmark) were used to supply the sample to the LCQ at a 
very low flow rate (1-10 nl/min). The source conditions were as follows: ESI spray 
voltage, 0.8-0.1 kV, capillary temperature 200'*C, capillary voltage 41 V, MS/MS relative 
collision energy, 80%. Sequence interpretation was assisted by the use of AminoCalc 
software (Protana), 

[0052] The active peak emerged from the HPLC column at the same gradient position 
as natural sublancin (data not shown), and mass spectral analysis using MALDI-TOF 
gave a major species with a molecular mass of 3881 Da. The molecular weight species 
corresponded to the 3881 Da positive control using natural sublancin. This molecular 
weight is also very close to the 3878 molecular weight previously reported for sublancin 
(6). These results demonstrate that B. subtilis IPeAsunA host has been stably 
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converted to express sublancin by the pLPVc plasmid, and that the presence of the cat 
gene upstream from the sunA gene does not interfere with sunA expression. 

Example 2 

Construction of sublancin with a 3-residue Gly spacer and a 6-residue His-Tag at 

the C-terminal end of sublancin. 

[0053] Figure 2 shows the sequence of the desired peptide. In order to produce this 
peptide, it is necessary to construct a mutagenesis vector that encodes this sequence, 
insert the sequence into the chromosome by the strategy described above, and allow 
the peptide to be expressed by the cell. The gene sequence that was designed and 
constructed is shown in Figure 6. This sequence was constructed in the pLPcat vector 
shown in Figure 4, and transformed into the chromosome of the 8. subtilis 168 
ermASun host, as shown in Figure 4. 

Example 3 

Expression of the Sublancin-Gly -His-Tag Peptide. 

[0054] The transformed host was cultured in Medium A (1 ) to allow the Sublancin-Gly- 
His-Tag polypeptide to be expressed. The culture was grown for 26 hr, which was 
previously shown to provide optimal expression of the wild-type sublancin peptide. 
Expression was monitored by observing the appearance of the Sublancin-HisTag 
polypeptide in the extra cellular medium. 

[0055] The sublancin-Gly-His-Tag polypeptide was recovered from the extra cellular 
medium by passing it through a 1 x 8 cm Hydrophobic Interaction column as previously 
described for sublancin (3), and eluting with 50% acetonitrile. This was lyophilized and 
redissolved in 20 ml of 300 mM NaCI, 5 mM imidazole, and 50 mM Tris, pH 7.5 and 
applied to a 0.5 x 4 cm Ni-NTA-agarose column (Qiagen). The column was then 
washed with the same buffer to remove unbound material. The Sublancin-His Tag was 
then eluted with the same buffer except the imidazole concentration was increased to 
250 mM. The first 10 ml of the eluate was lyophilized and resuspended in 2 ml of water 
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to which sufficient trifluoroacetic acid was added to reduce the pH of the final solution to 
2.5. This solution was desalted and further purified by applying it to an analytical 
reversed phase C18 column and eluting it with an acetomtr(le-0.05% TFA gradient as 
previously described (3). 



Example 4 

Species in the HPLC fractions had molecular weights that corresponded to His-Tag 

labeled forms of sublancin. 



[0056] Fractions were lyophilized and redissolved in water; and then subjected to 
mass spectrometric analysis using MALDI-TOF mass spectrometry. Several different 
species were observed in fractions 12-14 that eluted from the RP-HPLC column. It is to 
be noted that the Sublancin-His Tag structure that was actually encoded in the gene 
was Sublancin"3xG!y-6xHis. However, the fractions that eluted from the HPLC column 
contained very little of the molecular species that corresponded to this expected 
product. Although there was only a small amount of this expected product, there was 
some, which indicated that the Sublancin-3xGly-6xHis gene construct was intact and 
functional, and that the gene product was being expressed and secreted into the 
extracellular medium. Consideration of the other species in these fractions established 
the strong likelihood that they consisted of various forms of His-tagged sublancin in 
which one or more of the His residues had been hydrolyzed off. The most abundant of 
these corresponded to Sublancin-3xGly-2xHis and Sublancin-3xGly-3xHis, and 
somewhat less of Sublancin-3xGly-4xHis. It is a common observation that in order to 
bind to a Ni-NTA column, all that is required is a 2xHis segment at the C-terminal end of 
a polypeptide. The result here is consistent with this, and argues that the Ni-NTA 
column has recovered all those species that have two or more Histidines. 
[0057] The possibility that there had been significant quantities of polypeptide that 
contained less than 2xHis was considered. This was explored by doing 
mass-spectroscopic analysis of the total material that eluted from the Hydrophobic 
Interaction column. This HI column binds sublancin very efficiently, in that it is routinely 
used to recover sublancin from culture supernatants (3), MALDI-TOF analysis of the 
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elihate from the HI column revealed no detectable amounts of subiancin species that 
corresponded to cleavages anywhere other than within the 6xHis region. That is to say, 
there was no unmodified subiancin, nor a form of subiancin with Gly segments attached, 
nor any Sublancin-3xGly-1xHis. The only forms that appeared in the eluate from the HI 
column corresponded exactly to the forms that appeared from the Ni-NTA column, 
namely Sublancin-3xGly-2xHis and Sublancin-3xGly-3xHis in the most abundant 
amounts, substantial amounts of Sublancin-3xGly-4xHis, and some 
Sublancin-3xGly-6xHis. 

Example 5 

The histidine tag does not interfere with post-translational modifications or biological 

activity. 

[0058] This experiment confirmed that the placement of the His-tag on the subiancin 
prepeptide does not interfere with the maturation of presublancin into its mature form, 
which involves the dehydration of the Serine residue at position 16, the dehydration of 
the Threonine residue at position 19, and the formation of the thioether cross-link 
between CYS16 and the dehydrobutyrine at position 19. This was determined from the 
molecular masses of the isolated products. For example, if either or both of the 
dehydration reactions do not occur, the products will be 18 or 36 Da heavier, 
respectively, than if they do not occur. Inspection of the molecular masses of the 
species from the Ni-NTA column were consistent with the dehydrations having occurred 
in all cases, and it was concluded that the presence of the 3xGly-6xHis C-terminal 
extension did not interfere with the post-translational processing of the presublancin 
moiety into subiancin. 

[0059] That the maturation process had occurred was further confirmed by examining 
the biological activity of the His-tagged species that eiuted from the Ni-NTA column. 
This was done using a standard assay (3), in which dilutions of the antimicrobial peptide 
were spotted onto a nutrient agar plate, and the plate is then sprayed with a suspension 
of S. cereus T spores. The plates were incubated for 12-18 hr, whereupon the spores 
germinated and grew. Subiancin inhibits spore germination, and therefore resulted in a 
clear halo that was surrounded by a lawn of vegetative cells. The Sublancin-His Tag 
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peptides gave halos that had the same size and appearance as sublancin itself. This 
established that the His-Tag did not interfere with the biological activity of the sublancin 
peptide. 



Example 6 

Recovery of sublancin-Gly -His-Tag directly from culture supernatant. 

[0060] One of the primary reasons for attaching a His-Tag to a polypeptide is to 
facilitate its recovery and purification from complex mixtures. To fulfill this purpose, it 
was determined whether the Sublancin-His Tag could be recovered directly from a 
culture supernatant on a Ni-NTA column without first subjecting it to a preliminary 
purification procedure such as the Hydrophobic Interaction column. Such a recovery 
^ method provides a more economical method of manufacture of sublancin, and facilitates 
m a more wide-scale utilization of sublancin. 



[0061] To explore this question, the B. subtilis 168 mutant that contained the gene for 
the Sublancin 3xGly-6xHis prepeptide was expressed as described above. After 26 hr of 
□ growth, the culture was centrifuged to remove the cells, and the complete culture 
supernatant was applied directly to the Ni-NTA column using the same loading 



01 conditions as above. The column was washed, and then eluted with 350 mM imidazole, 
lyophilized, and HPLC-purified as above. The purified fractions were subjected to 



MALDI-TOF mass spectral analysis. The results indicated that the same spectrum of 
Sublancin-His Tagged species were recovered, and these species were recovered in 
the same amounts by this procedure as in the procedure that employed the 
Hydrophobic Interaction column prior to the Ni-NTA column. Moreover, the level of 
purification was the same by means of the Ni-NTA column alone, as with the 
two-column procedure. It was concluded that the His-tagged sublancin can, indeed, be 
recovered in a single purification step directly from the culture supernatant by capturing 
it on a Ni-NTA column. 
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